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PUMP CLEANING 

This invention relates to th© field of vacuum pumps. In particular, but not 
strictly limited to vacuum pumps with a screw type configuration. 

Screw pumps usually comprise two spaced parallel shafts ea<*i carr^g 
exlemaliy threaded rotors, the shafts being mounted In a pump housing such 
that the threads of the rotora intemiesh. Close tolerances between the rotor 
threads at the points of intermeshlng and with the Internal surface of the pump 
body, which typically ads as a stator, causes volumes of gas being pumped 
between an Inlet and an outlet to be trapped between the threads of the rotora 
and the internal surface and thereby urged through tiie pump as the rotors 
rotate. 

Screw pumps are widely regarded as a reliable means for generating vacuum 
conditions In a multitude of processes. Consequently, they are being applied 
to an Increasing number of Industrial processes. Such appllcallons may 
involve materials that have 'SAfaxjT or "faHy* properties e.g. tallow based 
plastlclsens. In pperalion of the pump, these products form deposits on the 
surfaces of the pump. On shutdown of the pump tiiese surfaces cool, the 
deposits also cool and solidify within the pump. Where such deposits are 
located In clearance regions between components, they can cause the pump 
to seizse up such that restart is Inhibited or even prevented. 

Simitar problems can be encountered In a number <rf semiconductor 
processes that use vacuum pumps, especially those in the chemical vapour 
deposition (CVD) category. Such processes can produce a significant 
amount of b/iwoduct material. This can be in the fomn of powder or dust, 
which may remain loose or become compacted, or in the form of hard solids, 
especially If the process gas is condensable and sublimes on lower 
temperature surfaces. This material can be formed In the process chamber. 
In the forellne between the chamber and the pump, and/or in the vacuum 
pump itself. If such material accumulates on the internal surfaces of the 
pump during Hs operation, this can effboth/ely fill the vacant wnning clearance 
between the rotor and stator elements on the pump, and can also cause 
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spites in the current demand on the motor of the vsaouum pump. If tfils 
continues unabated, then thfs buIFd-up of soUd mateifai can eventually cause 
the motor to become overioaded, and thus cause tfi© control system to shut 
down the vacuum pump. Should the pump be allowed to cool down to 
ambient temperature, then this accumulated material will become compressed 
between the rotor and siaior elements. Due to the relatively large surfece 
area of potential contact that this creates between the rotor and stator 
elements, such compression of by-product material can Increase the frictronal 
forces opposing rotation by an order of magnitude. 

In order to release the rotors Jn prior art pumps, a facility is pnavfded whereby 
a bar can be inserted Into sockets attached to the primary shaft of the rotor 
though an access panel. Thfs bar used as a lever to try to rotate the shaft 
and release the mechanism such that the machine can be restarted. This 
levering system allows more rotational force to be applied to the Internal 
components than could be exerted by the motor. Such tore© will be 
transmflled to the rotor vanes and the associated stress may prove to ba 
detrimemal to the structure of the rotor. If this system fails to rolease the 
mechanism it is then necessary to disassembly the apparatus such that a 
liquid solvent can be poured Into the pump oa^g to dissolve the residue to a 
level where the shaft can be rotated manually. This disassembly not only 
causes the pump to be off line for a certain length of time, but ft then must be 
re-oommfssloned and re-tested to ensure the reliability of the connections to 
the surrounding apparatus. 

It is an aim of the present Invention to overcome the aforementioned problems 
associated with pump technology. 

The present Invention provides a pump comprising a rotor element and a 
stator element; a housing enclosing the elements and having an inlet for 
receiving pumped fluid, and downstream from the inlet, at least one port; and 
means for InjecUng, into the housing via said at least one port, fluid for acting 
on deposits located on the element surfaces to enable said deposits to ba 
removed therefrom. As the port(s) are located downstream of the inlet, any 
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fluid injected on the rotor and slalor elements can be cflrectly Injected Into the 
s^Arepl volume to Impinge on the surfaoes of these elements. This can 
significantly Improve cleaning efficiency in comparison to a system where ihe 
cleaning fluid Is introduced via the housing inlet for pumped fluids. Where 
5 many ports are provided, these may be located in an an^y. For example, the 
ports may be located radially about the housing, and/or may be located along 
the length of the rotor element 

The housing may comprise an Inner layer and an outer layer behween which a 
cavity may be formed. In operation of the pump a liquid may be passed 
through this cavfly. The inner layer of the housing may act ae the stator of the 
pump. 

The port may Include a nozzle through which, in use, fluid Is sprayed, this 
nozzle may be Integrally fonried within the port. 

The pump may be a screw pump comprising two threaded rotore In which 
case the port(s) may be located after the first two complete turns of thread of 
the rotore f mm the Inlet end of the rotor. Alternatively the pump may be a 
Northey ("ciaw^ pump or a Roots pump. 

The fluid may be a liquid or a vapour. The fluid may be a solvent for 
dissolving residue collected on the rotor when the pump is in use or It may be 
steam. The fluid may comprise a reactive substance for reacting with the 
deposits, and may comprise, for example, a halogen. Such fluid can be 
particularly useful as a cleaning fluid when the pump is used as part of a CVD 
process to remove solid by-produots of the CVD process. 

Thus, the present Invention also provides a pump comprtsing a rotor elsment 
and a stator element; a housing enclosing the elements and having at least 
one port; and means for injecting, into the housing via said at least one port, a 
fluid comprising a reacHve substance for reacting with particulates located on 
the element surfaoes to enable said particulates to be removed therefrom. 
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The fluid may comprise a halogen, for example fluorine, and may be a 
fluorinatBd gas, suoh as a peifluorinated gas. Examples of such fluid include 
CIFa,F2,andNFa. 

The invention tfius extends to chemical vapour deposftlon apparatus 
s comprfeing a process chamber and a pump according to any preceding claim 
for evacuating the process chamber, vuhereln. In use, the deposiis are a by^ 
product of a chemical vapour deposWon process. 

According to the present invention there is further provided a method of 
managing deposits within a pump, the pump comprising a rotor element and a 
10 stator element, and a housing enclosing the elements and having an Inlet for 
receiving pumped fluid, and downstream from th$ inlet, at least one port, the 
method comprising Iniecting, Into the housing via said at least one port, fluid 
for acting on deposits located on the element surfaces to enable said deposits 
to be removed therefrom. 

15 The present invention also provides a merlhod for managing deposits within a 
pump, the pump comprising a rotor element and a stator element, and a 
housing enclosing the elements and having at least one port; the method 
comprising iniecting, into the Irouslng via said at least on© port, a fluid 
comprising a reactive substance for reacting with particulates located on the 

20 element surfaces to enable said particulates to be removed therefrom. 

The delfvery of fluid may occur at predetermined intervals during operation of 
the pump, for example, using solenoid valve control. Furthermore a 
monitoring step may be performed wherein the perfomnance of the pump 
moniloned. for example, by measuring at least one of the group <A rotor speed, 
7S power consumption, and volumetric gas flow rate. These measured 

parameters may be used to determine the extent of accumulation of deposits 
on the Internal woridng surfaces of the pump, A fluid flow rate may then b© 
calculated, this refe being that of the delivered fluid that would be sufficient to 
compensate for the quantity of accumulated depose ae determined above. 
30 Subsequently, the flow rate of fluid being delivered to the rotor may be 
adjusted to reflect the new calculated >»lue. 
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According to the present invention there Is further provided a method for 
managing deposits within a pump mechanism by introducing fluid suitable for 
dissolving, diluting or othenvise disengaging deposits which have 
accumulated on the Internal working surfaces of the pump, the method 
5 comprising the steps of: 

(a) monlloring the performance of the pump, for example, by recording 
at least one of the group of rotor speed, power consumption, and 

volumetric gas flow rate; 

(b) calculating the rate of accumulation of deposits on the internal 
10 wortdng surfaces of the pump based on the monitored performance; 

(c) calculating a fluid flow rate required to compensate for the 
accumulation of deposits as determined In step (b); and 

(d) effecting an adjustment of the flow rate of fluid being delivered to 
the rotor to reflect the calculated value from step (o). 

IS The pump may be Inoperative as the fluid is delivered, for example where 
selzut© has occurred or whero cleaning needs to take place. In this case, the 
method may further Involve applying toreiue to the rotors of the pump In order 
to overoome any remaining impeding force potentially caused by deposits 
located on the internal worlcing components of the pump. Under oertein 

20 conditions, for example where the mqteiial being transported Is particularly 
viscous or wa3«y and this viscosity may reduce with an increase In 
temperature, the method may further Involve the Introduction of themial fluid 

into a cavity provided within the housing of the pump, where this cavity 
sngitvles the rotor components. This thermal fluid may be heated in order to 
25 raise the temperature of the fluid and the deposits sufficiently to release the 
deposits prior to applying the torque as discussed above. 

The controller of the dry pump apparatus may comprise a microprocessor 
which may be embodied in a computer, which In turn is opttonally 
programmed by computer software which, when instelled on the computer, 
30 causes it to perfonn the method steps (a) to (d) mentioned above. The carrier 
medium of this program may be selected from but is not strictly limited to a 
floppy disk, a CD» a minl-dlso or dIgitaHape. 
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An example of the present invention will now be described with reference to 
the accompanying drsmngs In which: 

Figure 1 Nlustrates a schematic of a screw pump of the present invention; 

5 

Rgure 2 illustrates a schematic of a double-ended screw pump of the present 
invention; 

Figure 3 fs an end sectional view of the pump of Figures 1 and 2; 

10 

• Figure 4 is a detailed' view of a section of a waler jacket that illustrates the 
implementation of an Injection port; and 

Rgure 6 Illustrates an arrangement for supplying fluid to a pump 

Whilst the example pump? Illustrated in Figures 1 and 2 are screw pumps ft Is 
IS envisaged that this invention can be applied to any type of vacuum pump, In 
particular claw pumps. 

In the example of Figure 1^ two rotors 1 are provided witfiln an outer housing 5 
that serves as the stetor of the pump. The two contra-rotatfng, intamie^rng 
rotors 1 are positioned such that their central axes Fie parallel to one another. - - 

20 The rotors ar0 mounted through bearings 10 and driven by a motor 1 1 (shown 
In Figure 2). Injection ports 2 ana provided along the length of the rotor, In the 
examples of Figures 1 and 2 (shown as solid lines in Figure 3) these ports 2 
are located laterally within the pump on the opposite srde of the rotors from 
the intermeshing region of the rotors. However, the ports may be positioned 

2$ at any radial location around the stator 5. 8ome of these Focationa are 
illustrated In Figure 3. 

The ports 2t which may contain nozzles to allow the fluid to be sprayed, are 
preferably distributed along the length of the stator component 5 such that the 
solvent or steam can be easily applied over the entire rotor. Alternativefy, this 
30 distribution of porfe allows the fluid to be readily concentrated in any particular 
problem ansa that may arise. This especially important when solvent is 
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injected during operation. In order to fimllthe impact on pump perfoimanca. 
. If, for example, a singis port was to be used at the inlet 3 of the pump, this 
may have a detrimemaJ effect on the capacity of byproducts that could be 
transported away from the evawjated chamber (not shown) by the pump. By 
5 bringing solvent into contact with the rotor 1 after the first few turns of the 
thread, the likelihood of backward contamination of the eolvent into the 
chamber will be reduced- 

Furthemiore, where solvent Is Introduced In the inlet region of the pump, the 
pressure is such at the Inlet that there is an increased risk that the solvent will 

10 flash. In processes where It Is necessary for the solvent to nemain In liquid 
phase the solvent must be introduced closer towards the exhaust region of the 
pump where the pnassures will have risen. As solvent Is introduced through a 
number of ports 2 along the length of the stator, the overall effect is to 
gradually Increase the quantity of solvent present, as the likelihood of residue 

15 build up on the rotor 1 1ncreases towards the e)diaust stages. An additional 
benefit may be seen In some configurations where addition of liquid mto the 
final turns of thread of the rotor will act to seal the clearances between the 
rotor and the stator In this region of the pump. Thus leakage of gas will be 
substarrtialiy reducsi and performance of the pump win be improved. 

' 20 ' In some processes, It Is not appropriate to introduce solvent during operation 
as the waste products from the evacuated chamber are collected at the outlet 
of the pump for a particular purpose and this material ought not to be 
contaminated. Other applioatfons may not result in levels of residue that 
warrant constant injection of solvent during operation. In these cases, and 

25 where an unplanned shut down of the pump occurs such that standard 
pmotices, such as purging, are not followed, the residue from the process 
cools dowvn as the apparatus drops In tsrnperature. In tlnese oiroumstances a 
seizure of the mechanism may occur as depo^ buiW up and become more 
viscous or solklify. In a s^tem according to the present invention, die 

30 iniecllon ports 2 can be used to Introduce a solvit Into the stator cavity 6 in a 
distributed manner without needing to go to the expense or Inconvenience of 
disassembling the apparaJuSi Onoe the solvent-has acted upon the deposits 
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lo ©aher soften or dissorv^ them, the shaft may then be rotatsd either by using 
the motor or manually to release the components without applying excessive, 
potentfairy damaging, force to the rotor. 

Delivery of fluid may be perfomned through simple ports as liquid Is drip-fed 
5 through a hole in the housing or nozzles may be provided through which the 
fluid may be sprayed. Control systems may be Introduced such that the 
solvent delivery can be perfomned In reaction to the changlr^ conditions being 
experienced within the Confines of the pump apparatus. For example, In the 
arrangement shown In Rgur© 5. a control system 20 supplies cleaning fluid, 
10 for exarnple, stage by stags, to the ports 2 of pump 21 via supply conduits 22, 
As indicated at 24, a puiige gas ^stem may also be provided for supplying a 
purge gas, suc^ as nitrogen to the pump 21, 

Where the process material is waxy or fatty, compatible solvents will need to 
IS be Introduced to perfomi the dilution/cleaning function. Such solvenis may be 
provided In liquid or vapour form. Any compatible, effective cleaning medium 
may be used such as xylene in the c»se of hydroeart>on based/solutkle 
products or water in the case of aqueous based / soluble products, 
alternatively, detergents may be used. 

20 ...... 

Where the process material fs a by-product of a CVD process, the cleaning 
fluid may comprise a fluon'nated gas. Examples of such deaning fluid 
Include, but are not nestricted to. ClFa, Fa, and IMF3. The high t^actMly of 
fluorine means that such gases would readt with the solid tyyiptoducts on the 

25 pump mechanism, in order to allow the by-products to be subsequently 
flushed from the pump with the exhausted gases. To avoid oonoslon of 
internal components of the pump by the fluorinated gases, materials need to 
be carefully selected for use In forming components of the pump, such as the 
rotor and stator elements, and any elaslomerlo seals, which would come into 

30 contact with the cleaning gas. 

The housing 5 as illustrated In Figure 3 Is provided as a two-layer skin 
construcHon. an Inner layer 6 and an outer layer 9. It is the Inner layer 6 that 
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acts as the stator of the pump. A cavity 7 provided between Ihe layers 6, 9 
of the housing 5 such that a cooring fluid, such ae water, can be circulated 
around the stator In order to conduct heat away from the working section of 
th© pump. This cavity 7 Is provided overVtto entire length of the rotor l.e. over 
the Inlet region 3 as well ae the e)diausl r^ion 4. Under circumstances where 
the pump had become seized due to raoling of the rotor which, in turn, 
solidifies residues on the surfaces between the rotor and the stator, the 
'cooling liquid' in Ihe cavity 7 of the housing 5 may be heated to raise the 
temperature of the rotor 1 . This can enhance the pliability of the residue and 
may assist In releasing the mechanism. The housing 5 Is provided wrlh pillars 
8- of solid material thrrxigh the cavity 7 In orclerto provide regions where • 
injection ports 2 can be formed. 

The present invention Is not restricted for use In screw pumps and may leadily 
be appHed to other types of pump such as Northey C'olaw^ pumps or Roots 
pumps. 

In summary, a pump comprises at least one rotor 1, a stator 5 and a housing 
5, the rotor 1 being enclosed by the housing 5. The housing 5 comprises at 
least one port 2 extending through the housing 5 to enable delivery of a fluid 
directly onto a surface of the at least one rotor 1 , 

It Is to be understood that the foregoing represents just a few embodiments of 
the invention, others of which will no doubt occur to the sldlfed addressee 

witfiout departing from the true scope of the Invention as defined by the claims 

appended hereto. 
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Cteims 

A pump oomprising a rotor element and a siator element a houslr^ 
enclosing the elements and having an Inlet for receiving pumped 
fiLdd, and downet ream from ^e inleti at least one port; and means 
for injecting, rnto the housing via aaid at leaat one port, fluid for 
acting on deposits located on tiie elment surfaces to enable eafd 
depcsHe to be removed therefrom. 

A pump according to Claim 1, comprising a plurality of said porta. 

A pump acc<^^g to Claim 2, wherein the porta are located radially 
about the housing. 

A pump accordfrig to Claim 2 or 3, wherein the ports are located 
along the length of the rotor element. 

A pump according to any preceding daim, wherein at least one of 
the ports Include a nozsde through which, in use, fluid Is sprayed. 

A pump according to Claim 6, wherein the nozzle is integrally ' 
formed v^in the port. 

A pump atfioording to any preceding claim, wherein the housing 
comprises a two skinned wall, a cavity being formed between an 
Inner 3l<ln and an outer sidn of the wail, through which, in use, a 
liquid may be passed. 

A pump according to claim 7, wherein the inner ekfn of the housing 
pro^^des the stator element. 

A pump according to any preceding claim, wherein the pump Is a 
screw pump comprising two threaded rotor elements. 
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10. A screw pump according to Claim 9. wherein the at least one port la 
located after the first two complete tums of thread of the rotor 
elements from Una Inlet. 

11. A pump according to any of claims 1 to 8, wherein the pump is a 
claw pump. 

12. A pump according to any of claims 1 to 8. wherein the pump is a 
Roots pump. 

13. • A pump according to-any preceding daim. wherein the fluW Is a • • • 

liquid. 

14. A pump according to any preceding claim, wherein the fluid te a 
solvent for dissolving particulates collected on the rotor element 
when the pump Is In use. 

15. A pump according to any of Claims 1 to 1 2, wherein the fluid Is a 
gas. 

16. A putYtp dceording to Claim 15, wherein the fluid Is steam. 

1 7. A pump accorxfing to any of Claims 1 to 1 S, wherein the fluid 
comprises a reacHve substance for reacting with the partioulales. 

18. A pump comprising a rotor element and a stater element; a housing 
enclosing the elements and having at least one port; and means for 
Injecting, Into the housing via said at least on© port, a fluid 
comprising a reactive substance for reacting with particulates 
located on the element surfaces to enable said particulates to be 
removed therefrom. 

19. A pump according to Qaim 17 or 18, wherein the fluid comprises a 
halogen, such as fluorine. 
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20. A pump aocording to any of Claims 17 to 1 9, wherein the flufd 
comprises one of CIF3, F2, and NFg, 

5 21 . Chemical vapoar deposition ap|3aratus comprising a process 
chamber and a pump according to any preceding clarm for 
evacuating the process chamber^ wherein, in use, the deposita are 
a by-product of a chemical vapour deposition process. 

10 22. A method of managing deposits within a pump, the pump 

« comprising a rotor element wd a stator element, and a housing - • 
enclosing the elements and having an inlet for reoeMng pumped 
fluid, and downsfn^mn f torn the inlet, at least one portj the method 
comprising Injectrng. into the housing via said at least one port, fluid 

15 for acting on deposits located on the eiemerrt. surfaces to enable 

said depo^ to be removed therefrom. 

23. A method according to Claim 22, wherein flufd Is Injected from a 
plurality of said ports, 

20 

24. A rtiethod according to Claim 23, wherein the p6rts are located 
radially about thd housing. 

Z5. A method according to any of Claims 22 to 24, wherein the ports 
25 are located along the length of the rotor element. 

26. A method according to any of Qafms 22 to 25, wherein the fluid Is a 
liquid. 

30 27. A method according to any of Claims 22 to 26, wherein the fluid is a 
solvent for dissolving particulates collected on the rotor element 
when the pump is in use. 
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28. A method according to any of Claims 22 to 25, wherein the fluid is a 
gas. 

29. A method aoooidlng to Claim 26, wherein the fluid id eleam, 

5 

30. A method acooixling to any of Claims 22 to 29, wherein the fluid 
comprises a reactive subalancs for reacting with the particulates. 

31 . A method for managing deposfts within a pump, the pump 

10 comprising a rotor element and a stalor element, and a housing 

enclosing the elements and having at least one port; the method 
comprising Iniecling, into Iha housing via said at least one port, a 
fluid comprising A reactive ©ubstanc© for reading with particulates 
located on the element surfaces to enable said particulates to be 

IS removed therefrom. 

32. A method accorellng to Claim 30 or 31 , vtfherein the fluid comprises 
a halogen, such as fluorine. 
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33. A pump according to any of Claims 30 to 32. wherein the fluid 
comprises one of CIF3, F^, arid NF3. 

34. A method accorellng to any of Claims 22 to 33, vtfherein the fluid is 
Injected at pi^detemrtlned intervals during operation. 



35. A method according to any of Claim© 22 to 34, comprising the steps 
of: 

(a) monitoring the performance of the pump; 

(b) detemilning the accumulation of deposits on the internal element 
30 surfaces baeed on the monitored performance; 

(0) calculating a fluid flow rate required to compensate for the 
accumulation of deposits as detemalned in step (b); and 

(d) adj.uj^ing.the flow rate of Injected fluid to reflect the calqulaled 
value from step (c). 
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A method for maneiging d9po$it9 within a pump mechanism by 
inta-oduc^g fluid fiuitabie for disdoiving, diluting or othenvise 
disengaging deposits which have accumulated on the intemal 
working surfaces of the pump, the method comprising the steps of 
(a) monitoring the perfomianoe of the pump, (b) oaioulatlng the rale 
of accumulation of deposits on the Intemai wortdng surfaces of the 
pump based on the monitored performance, (c) calculating a fluid 
flow rate required to compensate for the accumulation of deposits 
as determined In step (b), and (d) efibcting an adjustment of the 
flow rate of fluid being delivered to the rotor to nsfieot the calculated 
value from step (c). 

A method according to Claim 35 or 36, wherein the pump is 
Inoperative as the fluid is delivsred, the method comprising the step 
cf applying torque to rotors of the pump to overcome any remaining 
impeding force. <"> ■ 

A method according to Claim 37. comprising the steps of 
Introducing a thermal fluid Into a cavity provided within the housing 
of the pump, the cavity encircling the rotors, and heating the themial 
fluid fn the cavity to raise the temperature of the fluid and the 
deposits sufficlenfiy to release the deposits prior to the torque 
applying step. 

A computer program which, wiien installed on a computer, causes 
the computer to perform the method of any of claims 22 to 38. 

A computer readable carrier medium which carries a computer 
program as oiaimed in claim 39. 

A computer readable carrier medium according to claim 40, wherein 
tii^ .mejfium is selected from; a floppy disic, a CD, a mini-disc or 
digital tape. 
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A pump comprises at teaM on$ rotor 1, a stafof 5 and a housfng 5. the 
rotor 1 being endosed by the housing 5. The hou^ng 5 comprteas at least 
s one port 2 extending through the housing 6 to enable delivery of a fluid 
diiBCtly onto a surface of the at least one rotor 1 . 

(Fig. 1) 
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Figure 1 
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figure 5 
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